V IRUS diseases of red and Ladino clovers are widespread in Minnesota. In some years half of the clover fields surveyed had at least 50% of the plants infected with viruses. Virus diseases of these crops are of considerable economic importance since about one million acres of red clover (Trifolium pratense L.), and Ladino clover (Trifolium repens L.), are grown annually in Minnesota. In recent years the acreage devoted to these clovers has been declining because of the hesitancy of growers to use these legumes due to the difficulty of maintaining stands.
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Virus infections cause several distinct types of symptoms on these clovers such as stunting, vein clearing, veinal necrosis, vein banding, and mottling with some leaf distortion. Alfalfa mosaic, pea mosaic, pea stunt, red clover vein mosaic, bean yellow mosaic, and white clover mosaic viruses have been isolated from red and white clover plants with these symptoms (1, 3, 4, 5, 8, 10, 11, 13, 14, 15) .
Viruses have many injurious effects on clovers. Some have been reported to cause a reduction in flower and seed production and in the quality and quantity of forage (6, 7). Oshima and Kernkamp (9) reported that winterkilling or stand deterioration of red clover in Minnesota was associated with pea streak, pea mosaic, and pea stunt viruses. Kreitlow et al. (6) and Fenne (2) also found that stand reduction of Ladino clover in Maryland and Virginia was Correlated with an increase in the number of virus infected plants. In New York, Roberts (12) reported that Ladino clover infected with alfalfa mosaic virus was more susceptible to cold injury than noninfected plants.
The objectives of this research were to determine the nature and scope of the damage caused by some of the viruses present in red and Ladino clover in Minnesota.
MATERIALS AND METHODS
Between 1957 and 1960, inclusive, 75 red clover fields throughout Minnesota were examined for virus diseases. In the field the percentage of infected plants was determined and the viruses were tentatively identified from the symptoms they produced. In addition, infected plants were indexed in the greenhouse on the following species: Bountiful bean (Phaseolus vulgaris L.), Perfected Wales pea (Pisum sativum L.), blue lupine (Lupinus angustifolius L.), Comet soybean (Glycine max (L.) Merrill), and white sweetclover (Melilotus alba Desr.). Selected isolates of the viruses were also studied on broad bean (Vicia ftiba L.), sweet pea (Lathyrus odoratus L.), yellow sweet clover (Melilotus officinalis L.), cucumber (Cucumis sativus L.), jimsonweed (Datura stramonium L.), globe amaranth (Gomphrena globosa L.), and Ladino clover (Trifolium repens L.). A toial of 120 infected plants were thus indexed and the viruses iden:ified.
The viruses were transmitted mechanically to test plants by triturating leaf and stem tissues of infected plants with a mortar and pestle and then rubbing the crude sap onto leaves of test plants with the pestle or a cheese cloth pad after the leaves had been dusted with 500-mesh carborundum. After being identified the viruses were maintained in Wegener red clover. Throughout the work, insects were controlled by applying insecticides and growing the plants in insect-proof cages.
The effect of virus infection on red clover was evaluated using clones of Wegener red clover or inbred lines. The clones were prepared from single healthy plants. The cuttings were rooted in vermiculite in a moist chamber kept at 24° C. Rooting hormones were not used. When the cuttings were aboul 6 weeks old some were inoculated with bean yellow mosaic viru; while others were maintained virus-free. The inbred lines had been inbred at least 6 generations and thus were considered to b? somewhat similar genetically. When seedlings were about 60 days old they were transplanted into the field or greenhouse benches. In the field they were naturally infected with viruses (usually Dean yellow mosaic and red clover vein mosaic) but in the greenhcuse they were inoculated with bean yellow mosaic virus.
Bean yellow mosaic virus was selected for inoculation because it was the most prevalent virus in red clover i.i Minnesota.
RESULTS
Disease survey-Of 75 red clover fields examined, 15 contained 50% or more virus-infected plants, 45 fields contained between 20 and 50% infected plants, and 15 fields contained fewer than 20% infected plants. Based on symptomatology bean yellow mosaic virus had infected 27% of the diseased plants and red clover vein mosaic 16%. The viruses in the remaining infected plants could not be identified in the field. When juice from dissased plants was indexed on differential host species, bean yellow mosaic virus was present in 50% of the plants while red clover vein mosaic, pea streak, and pea mosaic were in 45, 25, and 7% of the plants, respectively. This result is essentially like that reported from Wisconsin by H<.nson and Hagedorn (5).
Survival of red clover-Rooting of cuttings-During the winter of 1957-1958 and through the early summer of 1958, cuttings were made at 8-week intervals from a set of li/2'y ear -°ld red clover plants (not clones) which were brought into the greenhouse from the field during the summer of 1957. Most of the plants were infected with either bean yellow mosaic or with red clover vein mosaic virus but some were healthy. The cutting:; were placed in moist vermiculite at 24° C.-an environment suitable for
